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Abstract  
SynFace is a lip-synchronized talking agent 
which is optimized as a visual reading support 
for the hearing impaired. In this paper we 
present the large scale hearing impaired user 
studies carried out for three languages in the 
Hearing at Home project. The user tests focus 
on measuring the gain in Speech Reception 
Threshold in Noise and the effort scaling when 
using SynFace by hearing impaired people, 
where groups of hearing impaired subjects with 
different impairment levels from mild to severe 
and cochlear implants are tested. Preliminary 
analysis of the results does not show significant 
gain in SRT or in effort scaling. But looking at 
large cross-subject variability in both tests, it is 
clear that many subjects benefit from SynFace 
especially with speech with stereo babble. 

Introduction 
There is a growing number of hearing im-

paired persons in the society today. In the on-
going EU-project Hearing at Home (HaH) 
(Beskow et al., 2008), the goal is to develop the 
next generation of assistive devices that will 
allow this group - which predominantly in-
cludes the elderly - equal participation in com-
munication and empower them to play a full 
role in society. The project focuses on the 
needs of hearing impaired persons in home en-
vironments. 

For a hearing impaired person, it is often 
necessary to be able to lip-read as well as hear 
the person they are talking with in order to 
communicate successfully. Often, only the au-
dio signal is available, e.g. during telephone 
conversations or certain TV broadcasts. One of 
the goals of the HaH project is to study the use 
of visual lip-reading support by hard of hearing 
people for home information, home entertain-
ment, automation, and care applications.  

The SynFace Lip-Synchronized 
Talking Agent 

SynFace (Beskow et al, 2008) is a suppor-
tive technology for hearing impaired persons, 
which aims to re-create the visible articulation 
of a speaker, in the form of an animated talking 
head. SynFace employs a specially developed 
real-time phoneme recognition system, based 
on a hybrid of recurrent artificial neural net-
works (ANNs) and Hidden Markov Models 
(HMMs) that delivers information regarding 
the speech articulation to a speech animation 
module that renders the talking face to the 
computer screen using 3D graphics. 

SynFace previously has been trained on four 
languages: English, Flemish, German and Swe-
dish. The training used the multilingual 
SpeechDat corpora. To align the corpora, the 
HTK (Hidden markov models ToolKit) based 
RefRec recogniser (Lindberg et al, 2000) was 
trained to derive the phonetic transcription of 
the corpus. Table 1 presents the % correct 
frame of the recognizers of the four languages 
SynFace contains. 
Table 1. Complexity and % correct frame of the re-
cognizers of different languages in SynFace. 

Language Connections % correct frame
Swedish 541,250 54.2 
English 184,848 53.0 
German 541,430 61.0 
Flemish 186,853 51.0 

User Studies 
The SynFace has been previously evaluated 

by subjects in many ways in Agelfors et al 
(1998), Agelfors et al (2006) and Siciliano et al 
(2003). In the present study, a large scale test of 
the use of SynFace as an audio-visual support 
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for hearing impaired people with different hear-
ing loss levels. The tests investigate how much 
subjects benefit from the use of SynFace in 
terms of speech intelligibility, and how difficult 
it is for a subject to understand speech with the 
help of SynFace. Following is a detailed de-
scription of methods used in these tests. 

Method 
SRT or Speech Reception Threshold is the 

speech signal SNR when the listener is able to 
understand 50% of the words in the sentences. 
In this test, SRT value is measured one time 
with a speech signal alone without SynFace, 
with two types of noise, and another time with 
the use of (when looking at) SynFace. If the 
SRT level has decreased when using SynFace, 
that means the subject has benefited from the 
use of SynFace, since the subject could under-
stand 50% of the words with a higher noise 
level than when listening to the audio signal 
alone. 

To calculate the SRT level, a recursive pro-
cedure described by Hagerman & Kinnefors 
(1995), is used, where the subject listens to 
successive sentences of 5 words, and depending 
on how many words the subject recognizes cor-
rectly, the SNR level of the signal is changed so 
the subject can only understand 50% of the 
words. 

The SRT value is estimated for each subject 
in five conditions, a first estimation is used as 
training, to eliminate any training effect. This 
was recommended in Hagerman, B., & Kinne-
fors (1995). Two SRT values are estimated in 
the condition of speech signal without SynFace, 
but with two types of noise, Stationary noise, 
and Babble noise (containing 6 speakers). The 
other two estimations are for the same types of 
noise, but with the use of SynFace, that is when 
the subject is looking at the screen with Syn-
Face, and listening in the head-phones to a noi-
sy signal.  

In the effort scaling test, the easiness of us-
ing SynFace by hearing impaired persons was 
targeted.  

To establish this, the subject has to listen to 
sentences in the headphones, sometimes when 
looking at SynFace and sometimes without 
looking at SynFace, and choose a value on a 
pseudo continuous scale, ranging from 1 to 6, 
telling how difficult it is to listen to the speech 
signal transmitted through the head-phones.  

Small Scale SRT Study on Normal Hear-
ing subjects 

A first small scale SRT intelligibility expe-
riment was performed on normal hearing sub-
jects ranging in age between 26 and 40. This 
experiment is established in order to confirm 
the improvement in speech intelligibility of the 
current SynFace using the SRT test. 

The tests were carried out using five normal 
hearing subjects. The stimuli consisted of two 
SRT measurements while each measurement 
used a list of 10 sentences, and stationary noise 
was added to the speech signal. A training ses-
sion was performed before the real test to con-
trol the learning effect, and two SRT measure-
ments were performed after that, one without 
looking at SynFace and one looking at Syn-
Face. Figure 1 shows the SRT levels obtained 
in the different conditions, where each line cor-
responds to a subject. 

It is clear in the figure that all 5 subjects re-
quired lower SNR level when using SynFace 
compared to the audio-only condition and the 
SRT for all of them decreased in the au-
dio+SynFace condition. 

An ANOVA analysis and successive mul-
tiple comparison analysis confirm that there is a 
significant decrease (improvement) of SRT (p < 
0.001) for SynFace over the audio-alone condi-
tion. 

 

 
Figure 1: SRT value for five subjects in the audio-
only condition and audio-SynFace condition. 

Hearing Impaired Subjects 
These tests are performed on five groups of 

hearing impaired subjects with different hear-
ing impairment levels (Mild, Moderate, and 
subjects with cochlear implants). Every group 
consists of 15 subjects.  Table  shows informa-
tion and the location of the user groups. 
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Table 2. Description of the hearing impaired test 
subjects groups 

 Swedish German Flemish 
# Subject 15 15+15 15+15 
Hearing  
Impairment 

Moderate Mild+          
Moderate 

Moderate+ 
Cochlear 
Implants 

Location KTH- Hörtech-  Viataal-  

Preliminary Analysis 
Mean results of the SRT measurement tests 

are presented in Figure 2. The figure shows the 
level of SRT value for the different hearing im-
pairment groups (cochlear implants with a noti-
ceably higher level than the other groups), as 
well the difference in SRT value with and 
without using SynFace. The mean values do not 
show significant decrease or increase in the 
SRT level when using SynFace than with au-
dio-only conditions. Nevertheless, when look-
ing at the performance of the subjects indivi-
dually, a high inter-subject variability is clear 
which means that certain subjects have bene-
fited from the use of SynFace.  Figure 3 shows 
the sorted delta SRT value per subject for the 
Swedish moderate hearing impaired subject and 
the Dutch cochlear implants subjects in speech 
with babble noise condition. In addition to the 
high variability among subjects, and the high 
range scaling between the groups with different 
hearing impairment levels, it is clear that, in the 
case of babble noise, most of the Swedish mod-
erate hearing impairments subjects show bene-
fit (negative delta SRT). 

Regarding the results of the effort scaling, 
subjects at all locations, do not show significant 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

difference in scaling value between the condi-
tion of speech with and speech without Syn-
Face. But again, the scaling value shows a high 
inter-subject variability.  

Another investigation we carried out was to 
study the effect of the SRT measurement list 
length on the SRT value. As mentioned before, 
the SRT measurement used lists of 20 sen-
tences, where every sentence contained 5 
words, and one training measurement was done 
at the beginning to eliminate any training ef-
fect. Still, when looking at the average trend of 
the SRT value over time for each sentence, the 
SRT value was decreasing, this can be ex-
plained as an ongoing training throughout the 
measurement for each subject. But when look-
ing at the individual SRT value per test calcu-
lated after the 10th and the 20st sentence for 
each measurement, an observation was that for 
some of the measurements, the SRT value of 
the same measurement increased at the 20st sen-
tence compared to the 10th sentence. Figure 4 
presents the difference of SRT value at the 20st 
sentence and the 10th sentence for 40 SRT mea-
surements which shows that although most of 
the measurements had a decreasing SRT value, 
some of them had an increasing one. This 
means that the longer measurement is not al-
ways better (decreasing the learning effect). 

We suspect here that this can be a result of 
that the 20 sentences long measurements are 
too long for the hearing impaired subjects, and 
that they might be getting tired and loosing 
concentration when the measurement is as long 
as 20 sentences and hence requiring a higher 
SNR. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Mean SRT value for each of the subjects groups with and without the use of SynFace 
and with two types of noise: stationary and babble.
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Discussion 
Overall, the preliminary analysis of the re-

sults of both the SRT test and the effort scaling 
showed limited beneficial effects for SynFace. 
However, the Swedish participants showed an 
overall beneficial effect for the use of SynFace 
in the SRT test when listening to speech with 
babble noise.  

Another possible approach when examining 
the benefit of using SynFace may be looking at 
individual results as opposed to group means. 
The data shows that some people benefit from 
the exposure to SynFace. In the ongoing analy-
sis of the tests, we will try to see if there are 
correlations in the results for different tests per 
subject, and hence to study if there are certain 
feature which characterize subjects who show 
consistent benefit from SynFace throughout all 
the tests.    

Conclusions 
The paper reports on the methods used for 

the large scale hearing impaired tests with Syn-
Face lip-synchronized talking head. Prelimi-
nary analysis of the results from the user stu-
dies with hearing impaired subjects where per-
formed at three sites. Although SynFace 
showed consistent advantage for the normal 
hearing subjects, SynFace did not show a con-
sistent advantage with the hearing impaired 
subjects, but there were SynFace benefits for 
some of the subjects in all the tests, especially 
for speech-in-babble-noise condition. 
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Figure 4. The delta SRT at the 20 item in the list 
and the 10th for 40 SRT measurements. 

 
Figure 3. The delta SRT value (with SynFace-Without SynFace) per subject with babble noise.  
Left: the Swedish moderate hearing impaired group. Right: the Dutch cochlear implants subjects. 


